Four compounds showing moderate antituberculostatic activity have been studied to test the hypothesis that the planarity of the 2-[amino(pyrazin-2-yl)methylidene]dithiocarbazate fragment is crucial for activity. N 0 -Anilinopyrazine-2-carboximidamide, C 11 H 11 N 5 , D1, and diethyl 2,2 0 -[({[amino-(pyrazin-2-yl)methylidene]hydrazinylidene}methylidene)bis-(sulfanediyl)]diacetate, C 14 H 19 N 5 O 4 S 2 , B1, maintain planarity due to conjugation and attractive intramolecular hydrogenbond contacts, while methyl 3-[amino(pyrazin-2-yl)methylidene]-2-methyldithiocarbazate, C 8 H 11 N 5 S 2 , C1, and benzyl 3-[amino(pyrazin-2-yl)methylidene]-2-methyldithiocarbazate, C 14 H 15 N 5 S 2 , C2, are not planar, due to methylation at one of the N atoms of the central N-N bond. The resulting twists of the two molecular halves (parts) of C1 and C2 are indicated by torsion angles of 116.5 (2) and À135.9 (2) , respectively, compared with values of about 180 in the crystal structures of nonsubstituted compounds. As the methylated derivatives show similar activity against Mycobacterium tuberculosis to that of the nonsubstituted derivatives, maintaining planarity does not seem to be a prerequisite for activity.
Four compounds showing moderate antituberculostatic activity have been studied to test the hypothesis that the planarity of the 2-[amino(pyrazin-2-yl)methylidene]dithiocarbazate fragment is crucial for activity. N 0 -Anilinopyrazine-2-carboximidamide, C 11 H 11 N 5 , D1, and diethyl 2,2 0 -[({[amino-(pyrazin-2-yl)methylidene]hydrazinylidene}methylidene)bis-(sulfanediyl)]diacetate, C 14 H 19 N 5 O 4 S 2 , B1, maintain planarity due to conjugation and attractive intramolecular hydrogenbond contacts, while methyl 3-[amino(pyrazin-2-yl)methylidene]-2-methyldithiocarbazate, C 8 H 11 N 5 S 2 , C1, and benzyl 3-[amino(pyrazin-2-yl)methylidene]-2-methyldithiocarbazate, C 14 H 15 N 5 S 2 , C2, are not planar, due to methylation at one of the N atoms of the central N-N bond. The resulting twists of the two molecular halves (parts) of C1 and C2 are indicated by torsion angles of 116.5 (2) and À135.9 (2)
, respectively, compared with values of about 180 in the crystal structures of nonsubstituted compounds. As the methylated derivatives show similar activity against Mycobacterium tuberculosis to that of the nonsubstituted derivatives, maintaining planarity does not seem to be a prerequisite for activity.
Comment
The increasing resistance of Mycobacterium tuberculosis to existing agents and the resulting spread of the pathogen, in both developed and developing countries, makes the search for new tuberculostatics an important issue. 2-/3-/4-Pyridinecarbonimidoyldithiocarbazic acid esters and N 0 -thioamidosubstituted pyrazinecarboxyamidrazones, of which many compounds have been synthesized by Foks and Orlewska and tested against standard M. tuberculosis strains (Foks & Janowiec, 1979; Foks et al., 1992 Foks et al., , 2002 Foks et al., , 2004 Orlewska, 1996; Orlewska et al., 1995 Orlewska et al., , 2001 , are one of the promising chemical classes showing action against tuberculosis.
Our earlier studies of the crystal structures of the representatives of this class (A in Scheme 1), which all existed in a dipolar form, showed the same molecular features, of which the most significant was the bifurcated intramolecular hydrogen bond between protonated atom N3 as a donor and two acceptors, viz. the anionic S atom from the thioacid function and the N atom at the ortho position of the pyridine or pyrazine ring (Głó wka et al., 2005; Olczak et al., 2007; Orlewska et al., 2001) . A search of the Cambridge Structural Database (CSD, Version 5.31; Allen, 2002) succeeded in finding only two other similar structures Ketcham et al., 2001) showing the features described above. The attractive intramolecular hydrogen-bond contacts and extensive conjugation, both present in these zwitterionic structures, keep all atoms of the molecules coplanar, except the terminal thioester or thioamide group (A in Scheme 1). In addition, in two crystal structures of S,S 0 -diesters of pyridinecarbonimidoyldithiocarbazic acid (B in Scheme 1) showing moderate activity against M. tuberculosis strains, coplanarity was also maintained despite the lack of an active H atom at N3 (Głó wka et al., 1999) .
An analysis of the data available at that time suggested that planarity of the pyridin-2-yl or pyrazin-2-ylformamide thiosemicarbazone fragment could be a prerequisite for tuberculostatic activity (Olczak et al., 2007) . To check the importance and generality of this observation, we have determined, and describe in this study, four crystal structures of other mono-and diesters of pyridine-or pyrazinecarbonimidoyldithiocarbazic acid derivatives, namely diethyl 2,2 0 -[({[amino(pyrazin-2-yl)methylidene]hydrazinylidene}methyl-idene)bis(sulfanediyl)]diacetate, B1, methyl 3-[amino(pyrazin-2-yl)methylidene]-2-methyldithiocarbazate, C1, benzyl 3-[amino(pyrazin-2-yl)methylidene]-2-methyldithiocarbazate, C2, and N 0 -anilinopyrazine-2-carboximidamide, D1, having the same pyridine-or pyrazineamidine fragment but lacking protonation on atom N3 and, as a consequence, lacking crucial intramolecular (bifurcated) hydrogen-bond contacts with N3-H as a donor.
organic compounds
Together with six thioamide and thioester structures found in the CSD (Bermejo et al., 2004 (Bermejo et al., , 2005a Castiñ eiras et al., 2000; Labisbal et al., 2002; West et al., 1999) , these compounds form a sufficient set for statistical analysis and verification of the hypothesis that the planarity of a whole molecule is correlated with activity, especially given that, in two structures presented here (C1 and C2), atom N2 has been substituted by a methyl group. The substitution introduces spatial repulsion between the methyl group at atom N2 and the neighbouring amine group at atom C4, and forces a twist at the N2-N3 bond (Figs. 1 and 2), which also excludes conjugations involving that bond. As a result, we expected a significant difference in their activities.
With the exception of the twist at the N2-N3 bond in structures C1 and C2, both halves of the molecules are planar. The coplanarity of the pyrazine ring and the neighbouring imide group in all structures determined in this work, as expected on the basis of known structures (Bermejo et al., 2004 (Bermejo et al., , 2005a Castiñ eiras et al., 2000; Głó wka et al., 1999; Labisbal et al., 2002; West et al., 1999) , is indicated by the C41-C4 N3-N2 torsion angles of À177.67 (12), À177.88 (13), 176.53 (12) and À178.18 (13) , respectively, for B1, C1, C2 and D1 (Table 5 ). The coplanarity is obviously secured by the attractive intramolecular N5-HÁ Á ÁN(pyridine) hydrogen-bond contact, characterized by HÁ Á ÁN42 distances of 2.2-2.7 Å and angles at hydrogen of [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] , as no significant conjugation between the systems of the pyrazine ring and imide group (Scheme 1) is observed. This observation is confirmed by the lengths of the formally single bonds C4-C41 and C4-N5, in the ranges 1.473 (2)-1.493 (2) and 1.329 (2)-1.3577 (19) Å , respectively (Table 5) . Instead, in C1 and C2, another conjugated system (S C1-N2) is observed, resulting in the shortening of the C1-N2 bond to about 1.34 Å (Table 5) , compared with 1.43-1.48 Å in similar fragments containing a tetrahedral C atom found in the CSD. As expected, the resulting twist around the N2-N3 bond in C1 The molecular structure of C1, showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii. The molecular structure of C2, showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii.
Figure 3
The molecular structure of B1, showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii.
Figure 4
The molecular structure of D1, showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii.
and C2 breaks the coplanarity of the pyrazinamidrazone and thioacid fragments, which has been observed in all monoesters of heteroarylcarbonamidoyldithiocarbazic acids studied so far by X-ray diffraction. This is evidenced in this study by the torsion angle C1-N2-N3 C4 being 116.53 (16) in C1 and À135. 85 (15) in C2, compared with the antiperiplanar conformation observed in B1 and D1 (Figs. 3 and 4) and 24 similar structures found in the CSD. The largest deviation of the C1-N2-N3 C4 torsion angle from 180 is 7.55 (13) found in B1. Surprisingly, as the tuberculostatic activities of the 'nonplanar' compounds C1 and C2 against three selected strains of Mycobacterium tuberculosis are similar to those of other tested compounds (Zwolska, 2009), it seems that maintaining planarity of the whole molecule is not important for its biological action. However, the engagement of hydrophilic H atoms in the intramolecular hydrogen-bond contacts commonly observed in these compounds may facilitate the smooth passage of the studied molecules through hydrophobic cell membranes, which may also affect their tuberculostatic activity.
Despite the differences in the chemical structures of the type A, B, C and D compounds, the intermolecular hydrogenbond contacts observed in their crystal structures reveal a common motif, viz. a C(6) chain (Bernstein et al., 1995) formed through an intermolecular N5-H5AÁ Á ÁN45 0 hydrogen bond (symmetry codes for acceptor atom N45 0 are as in Tables  1-4 ). In C2 and B1, the chain runs parallel to the [010] direction, in C1 parallel to [100] and in D1 parallel to [021] . In C2 this is the only hydrogen-bond pattern formed (Fig. 5) . The same phenomenon is observed in all structures bearing appropriate functions in analogous positions of the molecules (Olczak et al., 2007; Zhang et al., 2009) . In C1, at the first level of graph-set theory, an additional motif is formed through an N5-H5BÁ Á ÁS2(x, y À 1, z) interaction (Table 2) , namely a C(7) chain parallel to the [010] direction (Fig. 6 ). These two chains form a sheet parallel to the (001) plane in which (at the second level of graph-set theory) an R 4 4 (24) ring can be identified (Fig. 6) . In D1, apart from the C(6) chain common to all studied structures, a new C(4) chain parallel to the [001] direction appears through an N5-H5BÁ Á ÁN3(Àx + 1 2 , y, z À 1 2 ) hydrogen bond ( Fig. 7 and Table 4 ). These two chains at the second level of graph-set theory cause the appearance of an R 4 4 (18) ring (Fig. 7) . The most complex hydrogen-bond pattern is found in B1 because of the existence of four different hydrogen bonds (Fig. 8) The intermolecular hydrogen bonds (dashed lines) in the crystal structure of C2, determining the packing of the molecules. Two C(6) chains (related by a centre of symmetry) parallel to [010] run in opposite directions. Symmetry codes are as given in Table 3 .
Figure 6
The intermolecular hydrogen bonds (dashed lines) in the crystal structure of C1, determining the packing of the molecules. Two chains, C(6) parallel to [100] and C(7) parallel to [010] , form an R 4 4 (24) ring at the second level of graph-set theory. Symmetry codes are as given in Table 2 . 
Experimental
The syntheses of the title compounds were as described by Foks & Janowiec (1979) for D1, Foks et al. (1992) for B1, and Orlewska (1996) for C1 and C2.
Single crystals of compounds B1, C1, C2 and D1 suitable for X-ray diffraction were obtained from chloroform-ethanol (1:1 v/v), chloroform-ethanol (1:1 v/v), chlorobenzene and chloroform solutions, respectively, by slow evaporation of the solvents at room temperature.
Compound B1
Crystal data Table 2 Hydrogen-bond geometry (Å , ) for C1. Symmetry codes: (i) x þ 1; y; z; (ii) x; y À 1; z. Table 1 Hydrogen-bond geometry (Å , ) for B1. Symmetry codes: (i) x; y þ 1; z; (ii) x; Ày; z À Table 3 Hydrogen-bond geometry (Å , ) for C2. H atoms were located in difference Fourier maps and subsequently geometrically optimized and allowed for as riding atoms, with C-H = 0.95 Å for aromatic CH groups, 0.97 Å for secondary CH 2 groups and 0.96 Å for methyl groups, and N-H = 0.86 Å , with U iso (H) = 1.2U eq (C,N). In the case of D1, the positions of all amine H atoms were refined freely. In the absence of significant anomalously scattering, atoms in the crystal of D1, Friedel pairs were merged before the final refinement and the absolute structure was assigned arbitrarily.
Data collection: CrysAlis CCD (Oxford Diffraction, 2007) for B1, C1 and D1; APEX2 (Bruker, 2002) for C2. Cell refinement: CrysAlis RED (Oxford Diffraction, 2007) for B1, C1 and D1; SAINT-Plus (Bruker, 2003) for C2. Data reduction: CrysAlis RED for B1, C1 and D1; SAINT-Plus for C2. For all compounds, program(s) used to solve structure: SHELXTL (Sheldrick, 2008 ); program(s) used to refine structure: SHELXTL; molecular graphics: PLATON (Spek, 2009) and Mercury (Macrae et al., 2006) ; software used to prepare material for publication: PLATON. 
